Day-and night-time aerosol samples were collected at an urban site in New Delhi, India, in winter 2006-2007. They were studied for low molecular weight dicarboxylic acids and related compounds as well as total water-soluble organic carbon (TWSOC). High concentrations of diacids (up to 6.03 μg m -3 ), TWSOC, and OC were obtained, which are substantially higher than those previously observed at other urban sites in Asia. Daytime TWSOC/OC ratio (37%) was on average higher than that in nighttime (25%). In particular, more water-soluble OC (M-WSOC) to TWSOC ratio in daytime (50%) was twice higher than in nighttime (27%), suggesting that aerosols in New Delhi are photochemically more processed in daytime to result in more water-soluble organic compounds. Oxalic acid (C 2 ) was found as the most abundant dicarboxylic acid, followed by succinic (C 4 ) and malonic (C 3 ) acids.
Aerosol Sampling

54
The sampling location in New Delhi (28.37ºN, 77.13ºE) , India, is shown in Figure 1 . The 55 figure also shows the annual emission rates of anthropogenic OC and VOC over India 56 estimated for the year 2006 [Zhang et al., 2009] , which are given at http://www.cgrer.uiowa.
57
edu/EMISSION_DATA_new/data/intex-b_emissions/. They include emissions from power .
121
Another aliquot of water extracts was adjusted to pH = 2 using hydrochloric acid (HCl) were made in order to determine whether each standard pass through the column. Briefly,
138
authentic water-soluble organic species were dissolved in purified water and adjusted to pH = 2 139 using HCl. They were then pumped onto the column, followed by detection by the TOC
140
analyzer.
141
Passing tests of selected organic compounds are summarized in 
OC and EC
164
Mass concentrations of OC and EC were measured using a Sunset lab EC/OC analyzer 165 (Sunset Laboratory, Inc., Tigard, OR, USA). In the present study, we used a temperature 166 protocol based on that proposed by the National Institute for Occupational Safety and Health
167
(NIOSH) [Birch and Cary, 1996; Miyazaki et al., 2007] . 68.4±37.9, 47.9±31.8, 7.8±3.7, and 12.3±4.6 μgC m -3 , respectively. TWSOC accounted for
184
31±11% of OC, where M-WSOC accounted for 36±12% of TWSOC during the study period.
185
The TWSOC/OC ratios are within a range (20-40%) reported for other urban sites in Asia in 186 winter [Yang et al., 2005; Miyazaki et al., 2006; Ho et al., 2007] larger than those reported in Chinese cities [Wang et al., 2006; Ho et al., 2007] and urban
189
Tokyo [Kawamura and Ikushima, 1993] . Because these samples were all obtained at urban 190 sites in the same season (winter), the difference in the concentrations can be attributed to the 191 largest OC emission per unit surface area being found in India .
Average molecular distributions of dicarboxylic acids, ketoacids, and α-dicarbonyls for 193 day-and night-time are shown in Figure 3 . Their values are also summarized in [Kawamura and Ikushima, 1993; Sempere and Kawamura, 1994] , Beijing (0.22 μg 199 m -3 ) , and Hong Kong (0.35-0.37 μg m -3 ) [Yao et al., 2004] . Differences
200
between day-and night-time molecular distributions are discussed in section 3.4. [Kawamura et al., 1996; Ervens et al., 2004] , which results in oxalic acid [Lim et al., 2005; 206 Carlton et al., 2006] . The predominance of ωC 2 was also observed at the Chinese urban sites 207 [Ho et al., 2007] . The average concentration of ωC 2 in the New Delhi samples was 208 approximately three times greater than that observed in Chinese urban aerosols, whereas the 209 average ratio of ωC 2 to total diacids in New Delhi (0.040) was similar to that observed at the explained by an enhanced photochemical production of polar compounds in daytime.
231 Kawamura and Ikushima [1993] suggested that the C 3 /C 4 ratio can be used as an indicator 232 of enhanced photochemical production of diacids, because C 3 is produced by photochemical 233 oxidation of C 4 in the atmosphere. In the present study, C 3 /C 4 ratios ranged between 0.40 and China in winter [Ho et al., 2007] and those (0.5-0.9) for winter aerosols in Tokyo [Kawamura 236 and Ikushima, 1993] . The average C 3 /C 4 ratio was higher in daytime (0.66) than in nighttime
237
(0.58), being consistent with an enhanced photochemical processing as indicated by the higher
238
TWSOC/OC and M-WSOC/TWSOC ratios in daytime. are significantly higher (1.5 times) in daytime than in nighttime, whereas daytime 255 concentrations of C 2 -C 4 diacids are lower by ~60% than in nighttime (see Figure 6 ). These 256 results suggest that more water-soluble organic compounds, except for C 2 -C 4 diacids,
257
contribute more significantly to M-WSOC in daytime, and are likely produced by 258 photochemical processes. Photochemical production of C 2 -C 4 diacids can also occur in 259 daytime, as indicated by the higher C 3 /C 4 ratio in daytime.
260
Azelaic acid (C 9 ) has been proposed as oxidation product of unsaturated fatty acids.
261
Unsaturated fatty acids are abundant in terrestrial plant leaves and contain a double bond 262 predominantly at C-9 position [Kawamura and Gagosian, 1987; aging. This C 2 formation during the initial aging of aerosols was attributed to fast secondary 290 production in the smoke plumes [Gao et al., 2003] . and/or hydroxylation of succinic acid, and is further oxidized to produce C 2 . Evidence for hydroxylation is based on detection of C 5 and C 6 hydoxyacids [Appel et al., 1979] . Since no the data sets, which also suggests aqueous phase production of C 2 in aerosols.
358
The above results support the possibility of aqueous phase productions of C 2 via decays of and ωC 2 highly correlate (r 2 = 0.65) in nighttime, whereas the correlation is low (r 2 = 0.35) in 367 daytime (data not shown as a figure) . Pyr has also been reported to act as a precursor of C 2 via 368 ωC 2 in aqueous phase [Lim et al., 2005; Carlton et al., 2006] and shown to originate from 369 aromatic hydrocarbons and isoprene [Talbot et al., 1995] . In fact, Pyr and ωC 2 were positively 370 correlated (r 2 = 0.53) in our nighttime samples. These results further support the secondary 371 production of C 2 in nighttime. It is noted that a ωC 2 /C 2 ratio in nighttime (av. 0.067) is lower 372 than that in daytime (av. 0.119), possibly due to the production of C 2 from ωC 2 in nighttime.
373
This process may proceed within a time scale of the aerosol sampling (~12 h), leading to the 374 lower ωC 2 /C 2 ratio in nighttime.
375
It has been shown that ωC 2 produces C 2 more efficiently at higher pH, because the rate 376 constant of the oxidation of anion (glyoxylate) is an order of magnitude greater than that of ωC 2 377 [Ervens et al., 2003a] . In the present study, however, no significant difference in the imbalance Delhi.
386
A correlation between C 2 and sulfate and its linear regression slope have been used to 387 investigate production processes of C 2 mainly via aqueous phase reactions [e.g., Yu et al, 2005] ,
388
because secondary production pathways of sulfate are well established. Figure 9 shows a 389 scatter plot between C 2 and sulfate in daytime and nighttime. The C 2 and sulfate concentrations 390 showed a strong correlation for the daytime (r 2 = 0.67) and nighttime samples (r 2 = 0.65).
391
Previous studies have noted similarity in size distributions of these two species, suggesting a 392 common source [Yao et al., 2003 Crahan et al., 2004 Huang et al., 2006] . Although the size nighttime, which can be a consequence of multistep aqueous-phase production of C 2 : several 398 subsequent oxidation steps are necessary to form C 2 from VOC precursors, whereas fewer 399 steps are required for production of sulfate [Warneck, 2003; Ervens et al., 2004; Yu et al., 2005] .
400
The x-intercept of the linear relationship between C 2 and SO 4 2-found in day-and night-time
401
suggests that an additional source of SO 4 2-exists in addition to the different formation and loss 402 processes of both species. One possible explanation for the intercept is that New Delhi and 403 surrounding regions have more power plants and coal combustion [Prasad et al., 2006; Zhang 404 et al., 2009] , which produce much greater emissions of SO 2 but emit fewer VOCs.
405
In addition to the production processes, various loss processes of C 2 could affect the 406 concentrations and fractions of C 2 . C 2 is lost by its oxidation to result in CO 2 [e.g., Warneck, 407 2003]. Zuo and Holgné [1992] suggested that photolysis of iron(III)/iron(II)−oxalato complexes can be an important sink of C 2 in the aqueous phase in the atmosphere. Ervens et al.
409
[2003b] used a photochemical box model and showed that photolysis of the 410 iron-dioxalato-complex is much more effective than oxidation of C 2 by OH. On the other hand,
411
evaporation of C 2 is negligible because the vapor pressure of C 2 is sufficiently low (<10 -4 mm 412 Hg) [Saxena and Hildemann, 1996] . It is possible that rates of production and loss of C 2 are 413 different for daytime and nighttime. During nighttime, oxidation of organics may be less 414 efficient due to the absence of sunlight and lack of H 2 O 2 and OH production, and NO 3 may act 415 as a major oxidant. In summary, the relative increases in the concentrations and fractions of C 2
416
in nighttime are probably due to more significant production of C 2 and/or less significant loss 417 of C 2 than in daytime. daytime, which is substantially higher than that (27%) in nighttime. These differences can be 428 interpreted by more pronounced photochemical production of polar organic compounds in 429 daytime even in winter.
430
Average concentrations of oxalic acid (C 2 ) (1.43 μg m -3 ) and total diacids (2.33 μg m -3 )
431
were substantially high compared to those previously reported at other urban sites in Asia. C 2 was the most abundant dicarboxylic acid, followed by succinic (C 4 ) and malonic (C 3 ) acid. We [Zhang et al., 2009] , the data of which are available at the website http://www.cgrer.uiowa.edu/ EMISSION_DATA_new/data/ intex-b_emissions/. 
